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Kidney multiome-based genetic scorecard reveals convergent

coding and regulatory variants

INTRODUCTION

More than 800 million people worldwide suffer from kidney disease, with
nearly 1 million dying annually from renal failure. Kidney function is
highly heritable, predominantly influenced by common genetic variants.
Genome-wide association studies (GWASs) map associations between these
variants and disease, yet more than 90% of GWAS-identified variants
reside in noncoding genome regions. This presents notable challenges
in pinpointing their target genes and regulatory functions, a dilemma
known as the “variant-to-gene” or “variant-to-function” problem.

RATIONALE
In the past decade, various tools have been developed to connect

genetic variants to disease development. These include mapping the
association of variants with quantitative traits, such as gene
expression (eQTL; QTL, quantitative trait loci), chromatin



accessibility (acQTL), and DNA methylation (meQTL). Allele-specific
analysis offers valuable insights for fine-mapping these elusive causal
regulatory variants. Single-cell multimodal methodologies have further
enabled analysis at the single-cell level. This study aimed to define
the genetic architecture of glomerular filtration rate (GFR) and use
complementary omics datasets and tools to nominate regulatory variants,
genes, and cell types involved in kidney function regulation.

RESULTS

We conducted a multiancestry GWAS for kidney function, measured by the
estimated GFR based on serum creatinine (eGFRcrea), involving 2.2
million individuals. Our analysis identified 1026 (97 previously
unknown) independent loci. By mapping kidney function -associated
common DNA variants across European-, East Asian-, and African-
ancestry populations, we observed an attenuation of newly identified
signals in European populations and highlighted the value of population
diversity for further discoveries.

Additionally, we analyzed genotype effects on allele-specific gene
expression and regulatory circuitries in more than 700 kidneys and
237,000 cells. We developed a statistical approach named OpendGene,
which identified 1351 target genes of genetic variants located within
open chromatin regions.

Furthermore, we introduced the “Kidney Disease Genetic Scorecard”

concept, which integrates 32 types of data to support genetic
information and nominate causal genetic variants and genes for kidney
disease. The Kidney Disease Genetic Scorecard prioritized 24,437
regulatory variants targeting 1060 genes. We also observed convergence
of coding and regulatory variations in specific genes, identifying 1363
coding variants disrupting 782 genes, with 601 genes also targeted by
regulatory variants. Notably, 124 genes were identified as amenable to
targeting by FDA-approved drugs, presenting opportunities for drug
repurposing and therapeutic development.
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CONCLUSION

We provide a genetic blueprint for kidney function, enabling genetics-
based prognostication and drug discovery. This study presents a large-
scale analysis of the genetic architecture of human kidney function,
utilizing various omics datasets to offer biological insights.
Emphasizing the convergence of coding and regulatory variants on key
disease genes, we introduce the concept of a Kidney Disease Genetic
Scorecard for disease diagnostics and therapeutic development.



